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ABSTRACT
Purpose

To provide consensus recommendati ons on the use of
epidermal growth factor receptor tyrosine kinase in-
hibitors (EcFr-TkIS) in patientswith advanced or meta-
static non-small-cell lung cancer (NscLc).

M ethods

Using a systematic literature search, phase i trials,
randomized phase i trials, and meta-analyses were
identified for inclusion.

Results

A total of forty-six trialswereincluded. Clear evidence
isavailablethat ecFr-TkIS should not be administered
concurrently with platinum-based chemotherapy as
first-line therapy in advanced or metastatic NscLc.
Evidenceis currently insufficient to recommend sin-
gle-agent ecFr-TkIS as first-line therapy either in
unsel ected populations or in populations selected on
the basis of molecular or clinical characteristics. Fol-
lowing failure of platinum-based chemotherapy, the
evidence suggests that second-line EGFrR-TKIS Or Sec-
ond-linechemotherapy resultinsimilar survival. Quality
of lifeand symptom improvement for patientstreated
with an ecrFr-TkI appear better than they do for pa-
tientstreated with second-line docetaxel . Sequence of
therapy may not appear to beimportant, but if survival
isthe outcomeof interest, the goa should beto optimize
the number of patientsreceiving threelines of therapy.
Based on available data, molecular markersand clini-
cal characteristics do not appear to be predictive of a
differential survival benefit from an ecrr-TkI and
therefore those factors should not be used to select
patients for ecFr-TkI therapy.

Conclusions

The EcFrR-TKIS represent an additional therapy in the
treatment of advanced or metastatic nscLc. The re-
sults of ongoing clinical trials may define the optimal
role for these agents and the effectiveness of combi-
nations of these agentswith other targeted agents.
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1. INTRODUCTION

Lung cancer represents a major health burden in
Canada. Approximately 23,300 new lung cancer cases
and 19,900 deathsfrom lung cancer occurred in 2007,
most of which were non-small-cell lung cancer
(nscLc). Most of these patients either present with or
devel op metastati c disease at some point during their
illness; potentially, they are candidates for systemic
therapy approaches such as chemotherapy.

Until thelate 1990s, therapeutic nihilism about the
benefit of systemic chemotherapy in the treatment of
advanced and metastati c NscLc waswidespread. Pub-
lication of the Non-small Cell Lung Cancer Collabo-
rative Group meta-analysis in 1995 established the
association of first-line platinum-based chemotherapy
with amodest improvement in survival for patientswith
metastatic disease?. Theintroduction of newer drugs
such as vinorelbine, gemcitabine, paclitaxel, and
docetaxel haveresulted infurther small improvements,
athough most patients<till experiencedisease progres-
sion within a short time, with a median time to pro-
gression (17pP) of approximately 4 months3-5,

At the time of progression following platinum-
based chemotherapy, many patients maintain a good
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performance status (ps) and may be candidates for
further systemic therapy. Recent trialshave established
that second-line chemotherapy with docetaxel 2 im-
provessurvival and quality of life (ooL) as compared
with best supportive care (Bsc) and that survival of
patientstreated with docetaxel or pemetrexed issimi-
lar 10, Guidelines for the management of nscLc, in-
cluding those from Cancer Care Ontario’s Program
in Evidence-Based Care (cco-pesc) ! now recom-
mend either of those agents as second-line chemo-
therapy options1112,

Despite these advancements in the treatment of
NscLc, thereis still a strong need for additional and
better treatment options. Recently, a greater under-
standing of the molecular abnormalities associated
with nscLc has led to evaluation of new therapeutic
targets for nscLc. The epidermal growth factor
receptor (EGFR) isonetarget commonly overexpressed
innscLc 13715, Early-phase clinical trials showed that
EGFR tyrosine kinaseinhibitors (Tkis) such aserlotinib
and gefitinib had antitumour activity, and this finding
prompted their further eval uation in advanced nscLc 8.
These agents have been evaluated extensively in
phasen and i trialsover thelast few years, confirm-
ing the promising activity seen in phase trials, and
the Tkis have been incorporated into treatment al go-
rithms for patients after progression on standard
chemotherapy options!™.

Because of a favourable toxicity profile of the
TKIS, many cliniciansfelt that it might be appropriate
to expand their rolein the treatment of advanced and
metastatic nscLc. A need therefore exists to clarify
the role of ecFr-TkIS in the treatment of nscLc. The
present paper represents a consensus view of arep-
resentative sample of Canadian lung cancer medical
oncologists on the role of EcFrR-TKIS in the treatment
of NscLc based on a systematic review of currently
availableevidence.

2. MATERIALS AND METHODS

Medical oncologists specializing inthoracic oncology
from five provinces across Canada were invited to
participate in aconsensus meeting. Six oncologists at-
tended the consensus meeting, and three additional
oncol ogists, plus one pathol ogist, provided input into
the consensus process. Three key questionswereiden-
tified to be addressed by the group:

¢ What istherole of ecrr-TkIS @s first-line therapy
of advanced or metastatic NscLc as asingle agent
or in combination with chemotherapy?

e What is the role of ecFr-TkIs following progres-
sion after platinum-based chemotherapy (single-
agent EGFR-TKI VS. BSC, EGFR-TKI VS, chemotherapy,
and ecFr-TKI in combination with another agent)?

e Do any patient subpopulations, or clinical and mo-
lecular characteristics, predict for additional ben-
efit from ecrr-TKkI therapy?

2.1 Literature Search

A search of the mebLINE database for 20002007 was
conducted using the terms “ non-small-cell lung can-
cer,” “epidermal growth factor receptor tyrosine Ki-
naseinhibitor,” “erlotinib,” and “ gefitinib.” The search
excluded articles prior to 2000, because the EGFR-TKIS
are new agents and their initial phase 1 trials were
known to be conducted during the selected time pe-
riod. Conference proceedings of the American Society
of Clinical Oncology 2000—2007 and the I nternational
Association for the Study of Lung Cancer 2007 World
Conference on Lung Cancer were also searched. Fi-
nally, thelist of included articleswasreviewed by the
consensus panel for omissions.

2.2 Study Selection Criteria

Articlespublished asfull reportsor asabstractsand con-
ference presentationswereincluded if they focused on

e EGFR-TKI aone or in combination with chemo-
therapy inthefirst-line setting,

e EGFR-TKI as second- or third-line therapy follow-
ing progression of platinum-based chemotherapy,
or

e clinical and molecular characteristics that may
predict additional benefit from ecrr-TkI therapy.

Theliterature search resultswerereviewed by two
authors (PE, FK), and articles that met the foregoing
criteria were selected for retrieval. The outcomes of
interest were overall survival (os), timeto disease pro-
gression, tumour responserate, molecular and clinical
predictors of benefit from ecFr-TkI therapy, and qoL
or symptom improvement. Single-arm phase 11 trials
wereincluded only if no datafrom randomized trials
wereavailable. Forty-threeindividual trials (eight phase
i, eleven randomized phase 1, and twenty-four sin-
gle-agent phasen trials) met the eligibility criteriafor
the present consensus statement. Only studies published
in English were considered.

2.3 External Review

Final consensus statement draft recommendationswere
distributed electronically to reviewers. The review
panel consisted of practitionerswho had attended the
consensus meeting and otherswho were not in attend-
ance. The commentsresulting from thisreview were
incorporated into thefinal document.

3. RECOMMENDATIONS AND KEY EVIDENCE
3.1 First-Line Treatment
Whet is the role of ecrr-TkiS as first-line therapy of

advanced or metastatic NscLc as a single agent or in
combination with chemotherapy?
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3.1.1 What Isthe Role of Sngle-Agent EGFR-TKIsin
Chemonaive Patients with NSCLC?

Key Evidence: Fourteen single-arm phasen trials(n=
1026) and onerandomized phase trial (n=201) evalu-
ated single-agent erlotinib 150 mg or gefitinib 250 mg
daily as first-line therapy of stage nis/iv nscLc (Tar
bler). In generdl, patients had an Eastern Cooperative
Oncology Group ps of 0—2 and were not selected for
clinical or molecular characteristicsreported to be as-
sociated with improved response to an EGFr-Tk1. Sub-
stantial variability was observed in the response rate
to single-agent ecrr-TkIS (range: 4%-55%, with an
additional 20%—46% achieving disease stabilization).
Thetimeto disease progression ranged from 1 month
to 6.6 months, with median survival varying between
2.9 monthsand 14.1 months, and 1-year survival being
249%-58.2% 17—22,24,26,27,30—36,38.39_

A singlerandomized placebo-controlled trial com-
pared gefitinib to Bsc in patients with poor perform-
ance (ps 2—3) unsuitablefor chemotherapy. Theobserved
response rate was only 6%, and thetrial failed to dem-
onstrate significant improvement in either TTp or os .

Among the trials in unselected populations, QoL
and symptom improvement datawereinconclusivel’™~
22,24,26,27,30-36,38,39_|n the single randomized trial, the
proportion of patients reporting QoL and symptom im-
provement gppeared similar for gefitinib and Bsc (21.1%
vs. 20.0% and 28.3% vs. 23.3% respectively) 33. Sev-
eral other authorsal so reported no significant improve-
ment in oL over time?*31. However, Spigel reported
improvement or no change in QoL [using the Func-
tional A ssessment of Cancer Therapy—Lung (FacT-L)]
in 82% of patients, and improvement or control inlung
cancer symptom (Lcs) responsein 48% of patients™®.
Pérez—Sol er reported significant improvementsin pain
scoresat 2 weeksand improvement in emotional func-
tioning during thefirst 4 weeks of therapy 7 (Table).
In general, these oL analyses involved small num-
bers of patientsin the absence of control groups and
should beinterpreted cautioudly.

Theremaining five phase trial s sel ected patients
based on the presence of activating mutations of the
EGFRgene (n=85) or of clinical characteristics asso-
ciated with high response rate to treatment (n = 40).
The trials included patients with stage 111 or 1v NscLC
and ps 0—2, and evaluated either erlotinib 150 mg or
gefitinib 250 mg daily. Higher response rates were
observed in these sel ected populations (range: 30%—
90%) as compared with the unselected populations
described earlier 232528293740 | onger time to dis-
ease progression wasa so observed (5.6-13.3 months).
Median survival was 15.4 monthsin one trial 4° and
was either not reported or not reached in the others
2325282937 This activity appears encouraging, but
randomized trials comparing ecrFr-TkI therapy to
chemotherapy are needed to draw firm conclusions.

Consensus Recommendation: Theevidenceiscur-
rently insufficient to recommend first-line single-agent

EGFR-TKI therapy in the treatment of advanced or
metastatic NscLc. These recommendations apply both
to unsel ected populations and to patients selected on
the basis of activating mutations of the EGFR gene or
of clinical characteristics predictive of higher response
to therapy.

There is evidence of tumour response to single-
agent ecrr-TkI as first-line therapy for advanced
NscLc. Response rates to EGFr-TKI therapy appear to
be higher in patients sel ected on the basis of activating
mutations of the EGFR gene.

Randomized trials are needed to eval uate the ef-
fect of first-line EcFr-TkI ON survival.

3.1.2 What Isthe Role of Single-Agent EGFR-TKIsin
Patients with Adenocarcinoma with Bronchioloal veolar
Features?

Key Evidence: Theliterature searchidentified acon-
sensus document on systemic therapy of bronchi-
oloalveolar carcinoma (sac) 4. It states that there is
no evidenceto confirm or refute the assertion that the
sensitivity of Bac to chemotherapy isany different from
that of other histol ogic subtypes of nscLc.

Three phase i trialsin ps 02 patients with stage
m/iv Bac (n = 326) evaluated either erlotinib 150 mg
or gefitinib 250 mg daily (Tablen). Patientswere pre-
dominantly chemotherapy-naive. Response rates
ranged from 9% to 21%, with disease stabilizationin
an additional 16%0-36%. The survival data demon-
strated time to disease progression of between 3.0
months and 3.7 months, and median survival of 13.0—
17.1 months 425, In one study, shorter progression-
free survival (prs) and os were independently
associated with non-mucinous as compared with mu-
cinousBAc (prs: 2.6 monthsvs. 11.3 months, p=0.002;
os: 10.7 months vs. not reached, p = 0.003)44+45,

Consensus Recommendation: Thereisno evidence
to suggest that Bac should be treated differently from
other types of nscLc. The evidenceis currently insuf-
ficient to recommend ecrFr-TkIS as first-line therapy
for the treatment of sac.

3.1.3 What IstheRoleof First-Line EGFR-TKIsin
Combination with Platinum-based Chemotherapy in
Patients with NSCLC?

Key Evidence: Four largerandomized trialsevaluated
EGFR-TKISiN combination with platinum-based chemo-
therapy in patientswith good ps with stagei/iv NscLc
(n=4348, Table ). Patientswere treated with either
gemcitabine and cisplatin [gemcitabine 1250 mg/m?
intravenously (1V) on days 1 and 8, and cisplatin 80
mg/m?2 1V on day 1 of a21-day cycl€] or carboplatin
and paclitaxel [carboplatin areaunder the curve (auc)
61V onday 1, and paclitaxel 200 mg/m? IV on day 1
of a21-day cycle] with or without erlotinib 150 mg or
gefitinib 250 mg or 500 mg daily. Responseratesvar-
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ied between thetrials; however, all four trialsfailed to
demonstrate any improvement in response rate with
the addition of an ecrFr-TkI to platinum-based chemo-
therapy 46°. Timeto worsening of symptoms did not
differ significantly between the groups 464749,

No differences were observed in time to disease
progression or in median and 1-year survival between
patients randomized to chemotherapy al one and those
randomized to chemotherapy plus an ecrr-TkI 4649
(see Table m).

Consensus Recommendation: Clear evidencefrom
four randomi zed trial s showsthat concurrent adminis-
tration of an ecrr-TkI with first-line platinum-based
chemotherapy does not prolong survival in unsel ected
patients with nscLc.

3.1.4 What Isthe Role of Sngle-Agent EGFR-TKIs
Compared with Chemotherapy in Chemonaive Patients
with NSCLC?

Key Evidence: Two randomized trialscompared first-
line therapy with an ecrFr-TkI with chemotherapy in
chemonaive patients with stage /v nscLc and ps
0—2 (n =299, Tablev) %052, Lilenbaum randomized
patients with poor ps (score of 2) to treatment with
either carboplatin and paclitaxel (carboplatin auc 6
and paclitaxel 200 mg/m? for 4 cycles) or erlotinib
150 mg daily 52; Crind randomized elderly patients
(morethan 70 yearsof age) to vinorelbine 30 mg/m? IV
on days 1 and 8 of a21-day cycle or gefitinib 250 mg
daily 0,

Lilenbaum observed ahigher response rate among
patientstreated with chemotherapy than with erlotinib
[overall response (orR): 12% vs. 2%; or + stable dis-
ease (sb): 53% vs. 39%)]. Additionally, patients
randomi zed to carbopl atin—paclitaxel had alonger time
to progression (3.5 monthsvs. 1.9 months) and agreater
survival (9.1 monthsvs. 6.6 months), although these
differenceswere not statistically significant 52.

Crino observed similar activity from vinorelbine
and gefitinib (or: 5.1% vs. 3.1%; or+sp: 53% vs. 43%).
The prs favoured vinorel bine, but this difference was
not statistically significant [hazard ratio (HR): 1.19; 95%
confidenceinterval (c): 0.85to 1.65]. No difference
inoveral survival wasobserved (HR: 0.98; 95%ci: 0.66
to 1.47). The groups showed no differencein overall
QoL (by FacT-L) and in Lcs. Gefitinib appeared to be
better tolerated than vinorel bine°.

A third trial evaluated various doses and schedules
of erlotinib with carboplatin and paclitaxel 51. No sig-
nificant differences were observed among the three
treatment groups (Table1v).

Consensus Recommendation: The evidenceis cur-
rently insufficient to recommend the use of an EGFr-
TkI over chemotherapy inthefirst-linetherapy of patients
with nscLe. Available evidence raises the possibility

that survival of patientswith poor pstreated with first-
line EcFrR-TKI May be less than that of patients treated
with platinum-based chemotherapy.

3.2 Second-Line and Subsequent Treatment for
Relapsed or Recurrent Disease

What is the role of ecFr-TkIS following progression
after platinum-based chemotherapy (single-agent ecFr-
TKI VS. BSC, EGFR-TKI VS. chemotherapy, and EGFR-
TKI in combination with another agent)?

3.2.1 What Isthe Role of EGFR-TKIs as Second- or Third-
Line Therapy Following Progression of Platinum-based
Chemotherapy?

Key Evidence: Two guidelinesdevel oped by cco-peac,
addressing the role of an EcrFr-TKI as subsequent
therapy for nscLc, were identified 153, Both docu-
ments recommend the use of erlotinib as second- or
third-line therapy for nscLc in patients who are not
candidatesfor further chemotherapy.

Four randomized phase 1 and i trials in ps 02
patients with stage 111/iv NscLc who were not consid-
ered candidates for further chemotherapy examined
EGFR-TKIS as subsequent therapy following progres-
sion of platinum-based chemotherapy (n= 2849, Table
v). Two large phase 111 studies evaluated erlotinib 150
mg (Br.21) or gefitinib 250 mg [1seL (Iressa Survival
Evaluationin Lung Cancer)] daily compared with pla-
cebo %657, and two randomized phase i1 studies [iDeaL
1 and 2 (Iressa Dose Evaluation in Advanced Lung
Cancer 1 and 2)] compared two doses of gefitinib (250
or 500 mg daily) 455, In the ibeaL 1 and 2 trials, no
differenceswere observed in any outcomes examined
between gefitinib 250 mg and 500 mg daily.

Results of the Br.21 and i1seL trials demonstrated
that erlotinib (2.2 monthsvs. 1.8 months) and gefitinib
(3.0monthsvs. 2.6 months) significantly prolong time
to disease progression %657, Statistically significant im-
provementswere al so seenin oswith erlotinib ascom-
pared with placebo (6.7 months vs. 4.7 months, p <
0.001) %%, and atrend toward improved survival was
observed with gefitinib (5.6 monthsvs. 5.1 months, p=
0.087) %7,

Inthe Br.21 trial, patients receiving erlotinib ex-
perienced significantly longer timeto deteriorationin
several lung cancer-related symptoms (cough, pain,
dyspnea) and in overall physical function8. IntheiseL
trial, a greater proportion of patients randomized to
gefitinib experienced improvement in disease-rel ated
symptoms (27% vs. 22%). Similarly, patients
randomized to gefitinib experienced a significantly
greater improvement in Lcs scores (—1.38 vs. —0.86,
p=0.019)5".

Consensus Recommendation: In patients with ad-
vanced or metastatic nscLc who are not candidates
for further chemotherapy, the use of an ecFr-TkI (as
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compared with placebo) can result in improved sur-
vival. The use of an EcrFr-TKI in patients with nscLc
who are not candidates for further chemotherapy can
result in significant improvements in disease-rel ated
symptoms, and as compared with Bsc alone, can delay
timeto symptom progression.

3.2.2 What Isthe Role of EGFR-TKIs Compared with
Chemotherapy Following Progression of Platinum-based
Chemotherapy?

Key Evidence: Sevenrandomized phase i and i tri-
als examined an ecFr-TkI as compared with chemo-
therapy following progression of platinum-based
chemotherapy in patients with stage ni/iv nscLc and
ps 02 (n = 2482, Table vi).

Onerandomized phase: tria >° and two randomized
phase 11 trial s%26566 evaluated gefitinib 250 mg daily
vs. docetaxel 60 or 75 mg/m? IV every 3 weeks (n =
2096). Theresponserate with gefitinib wassignificantly
higher than that with docetaxel in a Japanese population
(22.5% vs. 12.8%, p = 0.009) %566, However no differ-
enceswere observed inresponserate between gefitinib
and docetaxel inthe other two trial s5%62, No significant
differenceswere observedin Ttror osin patientstreated
with gefitinib or docetaxd. Inthetrial by Nihoet al., the
proportion of patientsrandomized to docetaxel who re-
ceived third-line ecFr-TkI therapy was greater than the
proportion of patientsrandomized to gefitinib who re-
ceived third-line chemotherapy. That trial did not meet
its primary outcome of non-inferiority of gefitinib (up-
per limit of 95% c1 < 1.25) ascompared with docetaxel
(HR: 1.12; 95% ci: 0.89t0 1.40) 6566, However, thelarger
INTEREST tria (Iressa non-small-cell lung cancer tria
evauating responseand survival against Taxotere) dem-
onstratesthat gefitinib was non-inferior to docetaxel (HR:
1.02; 95% ci: 0.905 to 1.15), in which the definition of
non-inferiority accepted aci going up to 1.154 %2, The
proportion of patients receiving effective third-line
therapy wassimilar between thetwo treatment armsin
that trial.

Another four randomized phase 11 studies evalu-
ated gefitinib 250 mg or erlotinib 150 mg daily with
other agents (oral vandetanib 300 mg daily ©°;
bortezomib 1.6 mg/m? 1V on days 1 and 8 of a21-day
cycle®; vinorebine 15 mg/m? 1V onday 1, and gefitinib
250 mg daily on days 2—14 every 2 weeks °1;
bevacizumab 15 mg IV on day 1 every 3weeks;
docetaxel 75 mg/m? on day 1 of a 3-week cycle;
pemetrexed 500 mg/m? on day 1 of a3-week cycle) &3
either as single agents or in combination (n= 386, Ta-
blevi). No firm conclusions can be drawn from any of
these trial's, although compared with erlotinib alone,
the combination of erlotinib plus bevaci zumab demon-
strated improvement in response rate (17.9% vs.
12.2%), T77P (4.4 monthsvs. 3.0 months), and os (13.7
monthsvs. 8.6 months) 63, A phase i trial of that com-
bination isongoing. Fully powered phase i trialsare
ongoing to compare gefitinib with vandetanib and to

assess whether bevacizumab adds to the efficacy of
single-agent erlotinib.

ConsensusRecommendation: Theevidencesuggests
that second-line ecFr-TkI or second-line chemotherapy
resultsin similar survival. Sequence does not appear
to beimportant, but if survival isthe outcome of inter-
est, the goal should be to optimize the number of pa-
tients receiving three lines of effective therapy. The
evidence is currently insufficient to recommend sec-
ond-line therapy with a combination of an EGrFr-TkI
and another targeted agent. Ongoing randomized phase
i trialsare currently addressing these questions.

3.2.3 How Do QOL and Symptom Control Compare in
Patients Treated with Chemotherapy as Compared with
EGFR-TKIs?

Key Evidence: Two of thethreetrialsthat compared
gefitinib and docetaxel also examined QoL and symp-
tom improvement 5962,

In the sien trial (Second-Line Indication of
Gefitinib in NscLc), a greater proportion of patients
randomized to gefitinib experienced symptom improve-
ment as assessed by Lcs (36.8% vs. 26%) and QoL
improvement as assessed by the FacT-L (33.8% vs.
26%0) %°. In addition, in the inTeresT trial, significantly
more patients randomized to the gefitinib arm showed
improvementsin rFacT-L score (25.1% vs. 14.7%, p <
0.0001) and trial outcomeindex (17.3%vs. 10.3%, p=
0.0026). Symptom improvement rates were al so bet-
ter with gefitinib than with docetaxel, but this differ-
ence was not statistically significant 62.

Key Recommendation: Symptom control and QoL
appear to be better in patients treated with an EcrFr-
TkI than in those treated with either Bsc or second-
line chemotherapy with docetaxel. In decisions about
treatment following failure of platinum-based chemo-
therapy, QoL and patient choice are important.

3.2.4 \What Isthe Role of Sngle-Agent EGFR-TKI Therapy
in Previously Treated Patients with EGFR Gene Mutations
or High Gene Copy, or EGFR Protein Expression?

Key Evidence: Four single-arm phase n trials evalu-
ated gefitinib 250 mg daily in patient populations (n =
117) selected for the presence of activating mutations
of the EGFR gene assessed by polymerase chain reac-
tion (pcr) analysis or for high EGFR gene copy as-
sessed using fluorescencein situ hybridization (FisH).
Patients had stage 11/iv disease and ps 0—2, and most
had received prior chemotherapy. High responserates
were observed (48%—90%) -7, Time to disease
progression ranged from 6.4 monthsto 12.9 months,
withamedian survival of 15.5 monthsreported in one
study ©°. Given that EGFR mutations are thought to
represent a favourable prognostic factor, the signifi-
cance of these dataare unclear, and randomized trials
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areneeded to determineif the survival of patientswith
EGFR mutations or high EGFR gene copy treated with
an EGFR-TKI issuperior to that of similar patientstreated
with second-line chemotherapy.

ConsensusRecommendations. Thereisevidencethat
patients with previoudly treated nscLc and EGFR mu-
tationsor increased EGFR gene copy respond to an EGrr-
TKI. However, the evidence is insufficient at thistime
to select patients for ecFr-TkI therapy rather than for
second-line chemotherapy based on any EGFR marker.

3.3 Clinical and Molecular Predictors of Benefit

Do any patient subpopul ations, or clinical and molecu-
lar characteristics, predict for additional benefit from
EGFR-TKI therapy?

3.3.1 What Are the Molecular Characteristics that
Predict Additional Benefit from ecrr-TkI Therapy?

Key Evidence: Clinical Predictorsof Responseto an
EGFR-TKI:  Table vii summarizes the trials examin-
ing clinical predictorsof response. Dataare available
fromtheipeaL 1, IDEAL 2, BR.21, and IsEL triadls. Analy-
sesfrom theipeaL 1 and 2 trials demonstrated that ad-
enocarcinoma (13% vs.4%) and female sex (19% vs.
3%) both significantly predict response to gefitinib 5.
Additional clinical predictors of response were ob-
served in the Br.21 trial. In that study, clinical char-
acteristics associated with higher responseto erlotinib
included adenocarcinoma (13.9% vs. 4.1%, p < 0.001),
never smokers(24.7%vs. 3.9%, p< 0.001), female sex
(14.4% vs. 6%, p=0.006), and Asian ethnicity (n=427:
18.9% vs. 7.5%, p = 0.002) %6.71-73, Consistent with the
BR.21 results, subset analysis from the i1seL trial also
demonstrated that adenocarcinoma (11.9% vs. 4.8%),
never smokers (18.1% vs. 5.3%), female sex (14.7%
vs. 5.1%), and Asian ethnicity (12.4% vs. 7.5%) were
predictors of responseto gefitinib (n=1439) >’

Clinical Predictors of Survival with an EGrFr-TkI:
Table vin summarizes clinical predictors of survival
for patients receiving therapy with an ecrr-Tki 5771~
7. In the Br.21 trial, the only clinical characteristic
that predicted greater effect on survival for erlotinib as
compared with supportive care alone was ahistory of
never having smoked (HR: 0.4 vs. 0.9; p=0.02). There
was no evidence of any differential survival effect for
histology (Hr: 0.7 adenocarcinomavs. 0.8 non-adeno-
carcinoma), sex (Hr: 0.8 males vs. 0.8 females), or
ethnicity (Hr: 0.6 Asian vs. 0.8 non-Asian) 71-73.77.78,
The i1seL trial demonstrated significantly improved
survival among patients randomized to gefitinib for
never smokers (Hr: 0.67; 95% ci: 0.49t0 0.92) and for
patients of Asian ethnicity (Hr: 0.66; 95%ci: 0.48 to
0.91) 5”. Therewas atrend toward improved survival
for patients with adenocarcinomatreated with gefitinib
(HR: 0.84; 95% ci: 0.70to 1.02). In asubset analysisof

all Asian patients from the i1seL trial, significant im-
provementsin survival were seen for patientswith ad-
enocarcinoma (Hr: 0.66 vs. 0.86), never smokers (HR:
0.37 vs. 0.85), and female sex (Hr: 0.46 vs. 0.80) /5.

No data were available concerning clinical pre-
dictorsof survival fromthe inTacT (IressanscLc Trial
Assessing Combination Treatment) 1 and 2 trials®°. In
asubset analysis of never smokers (n = 113) from the
TRIBUTE (Tarceva Responses in Conjunction with
Paclitaxel and Carboplatin) trial, asignificant improve-
ment in survival was observed from the addition of
erlotinib (Hr: 0.49; 95% ci: 0.28 to 0.85) 8. Similar
findingswere observed in TaALENT (Tarceva L ung Can-
cer Investigation Trial). Improved os and prs were
observed for patientsreceiving erlotinib who had never
smoked (Hr: 0.39; p = 0.25), although thisinteraction
did not achieve statistical significance "7,

In contrast, subgroup analyses from the INTEREST
trial comparing gefitinib with docetaxel suggest that
these clinical variables do not predict a differential
benefit for an ecrFr-TkI over chemotherapy. Therewas
no differenceinthesurvival of patientswith adenocar-
cinomahistology, never smokers, Asian ethnicity, and
female sex when treated with either gefitinib or
docetaxel 7°.

Molecular Predictorsof Responseto anecrr-Tki: The
predictive value of various molecular abnormalities
have been examined in the randomized trialsincluded
in the present consensus document. These include
mutations of the EGFR gene, increased EGFR gene
copy assessed by FisH or EGFR amplification assessed
by quantitative rcr, EGFR expression [by immunohis-
tochemistry (1Hc)], and mutations of the KRAS gene.
Table 1x summarizes predictors of response.

The presence of an activating mutation of the EGFR
geneisassociated with an increased likelihood of re-
sponse to single-agent ecrr-TkI. Analyses of tumour
samplesfromtheipeaL 1 and 2 trials (n = 425) evalu-
ating gefitinib monotherapy demonstrated that patients
whose tumour had an EGFR mutation had a better or
with gefitinib than did patientslacking themutation (n=
79: 46% vs.10%, p = 0.005) 80, Inthe sr.21 (N = 177:
15.8% vs. 7.4%, p = 0.35) and iseL trials (n = 215:
37.5% vs. 2.6%), the presence of an EGFR mutation
was associated with a nonsignificant increase in re-
sponserate. In Br.21, when only exon 19 del etion and
L858R mutations were considered, the differencein
responserate as compared with wild-type EGFRor other
mutations was significant (27% vs. 7%, p = 0.035) .
The subset analysis of tumour samples from the In-
TACT 1 and 2 trial s eval uating the addition of gefitinib
to standard first-line chemotherapi es demonstrated that
patients whose tumours had an EGFR mutation had a
higher responseto chemotherapy plusgefitinibthandid
those without amutation (n=170: 72% vs. 55%, p =
0.2) 8, Similar findings were observed in the TRIBUTE
trial for patientswith EGFR mutations (n = 228: 53%
vs. 21%, p < 0.01) 8284, put no statistically significant
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TaBLE viI  Trials of clinical characteristics that predict response from therapy with epidermal growth factor receptor tyrosine kinase

inhibitors (EGFr-TKIS)

Reference Sudy Patients Treatment Adenocarcinoma  Never smokers Female sex Asian ethnicity
(n)
Kriset al., 2003 % IDEAL 2 216 Gefitinib 250 mg daily 13% vs. 4% 19% vs. 3%
vs. gefitinib 500 mg daily

Shepherd et al., 2005% gr21 731  Erlotinib 150 mg daily n=427 n=427 n=427 n=427
Clark et al., 2006 712 vs. placebo 13.9% vs. 4.1%  24.7% vs. 3.9% 14.4% vs. 6% 18.9% vs. 7.5%
Florescu et al., 2006 7 p<0.001 p<0.001 p=0.006 p=0.002
Tsao et al., 2006 7
Thatcher et al., 20055 1seL 1439  Gefitinib 250 mg daily n=1439 n=1439 n=1439 n=1439

vs. placebo

11.9% vs. 4.8%

18.1% vs. 53%  14.7% vs. 5.1% 12.4% vs. 7.5%

1seL = Iressa Survival Evaluation in Lung Cancer; ipeaL = Iressa Dose Evaluationin Advanced Lung Cancer.

correl ation was observed between response rates and
mutation status in the TaLenT trial 775,

Increased EGFR gene copy or EGFRamplification
also appearsto be associ ated with anincreased response
rate to single-agent ecFr-TkI. The ipeaL 1 and 2 trials
demonstrated that EGFR amplification was associated
with ahigher response to gefitinib than was seen with
tumourswithout EGFRamplification; however, thisdif-
ference was not statistically significant (n = 90: risk
ratio: 29% vs.15%; p = 0.319). Patientswith an EGFR
mutation or gene amplification had asignificantly im-
proved response rate as compared with patients with
neither EGFR amplification nor mutation (60% vs.
10%, p = 0.0011) &. Withinthesr.21 trial, high EGFR
gene copy or amplification also was associated with a
significantly higher responseto erlotinib (n=91: 21%
vs. 5%, p = 0.02) 717785 Similar findings were ob-
served in theisewL trial (n = 317: 16.4% vs. 3.2%) 83,

In InTACT 1 and 2, there were no differences in
response with and without EGFR amplification (n =
235: 56% vs. 53%, p > 0.05) &. Interestingly, analysis
of tumour samples from the TriBUTE study demon-
strated a lower response rate among patients whose
tumours demonstrated EGFR amplification8284, Itis
important to note that FisH was used to assess EGFR
gene copy statusin the Br.21, 1seL, and TRIBUTE Sstud-
ies885 put that quantitative pcr was used in the ibeaL
and InTacT studies®. High EGFR gene copy by FisH
includes cases of EGFR high polysomy and of EGFR
amplification alike 885, put quantitative pcr results
include cases of EGFR gene amplification only °.
Thus, thetwo resultsare not entirely comparable.

Fewer data are available concerning the predic-
tivevalue of ecrr protein expression. Inboth theer.21
(n = 142: 11% vs. 4%, p= 0.1) 85 and iseL tridls (n =
303: 8.2% vs. 3.2%) 83, higher responseratesto erlotinib
were demonstrated for patientswith ecFr expression.
However, the presence of KRAS mutations appearsto
be associated with alower chance of tumour response.
Lower responserateswere observed inthesr.21 (n=
118: 5% vs. 10%, p = 0.069) 85, 1seL (N = 93: 0% vs.

8%) 83, and TrRiBUTE trials (n = 264: 8% vs. 23%, p =
0.16) 8284 although none of those results was statisti-
cally significant.

Molecular Predictorsof Survival: Tablex summarizes
trials examining molecular predictors of survival for
patients treated with an ecrr-Tk 71.74.75,77.80,82-86
No single molecular marker has consistently been as-
sociated with improved survival for patientstreated with
an EGFR-TKI.

The ipEaL 1 and 2 trids, Br.21, and i1seL all ex-
amined single-agent ecrFr-TkIS 1778385 Analysis of
tumour samples from ibeaL 1 and 2 showed no sig-
nificant improvement in TTp or survival for patients
with EGFR mutations or with EGFR amplification .
However, these trials were not designed to examine
predictors of survival, given that both groups of pa-
tients received an ecrr-TkI €,

The Br.21 trial generated several reports of mo-
lecular analyses”%7785. On univariate analyses, there
was no evidence that the survival benefit of erlotinib
was influenced significantly by ecrr expression (n =
325: 1HC" HR: 0.68; 1HC™ HR: 0.93; p = 0.1), increased
EGFR gene copy (n = 159: FisH* HR: 0.43; FISH™ HR:
0.80; interaction p = 0.12), or EGFR mutation status
(n=204: mut* HR: 0.55; mut~HR: 0.74; interaction p=
0.47). However, in multivariate analysis, increased
EGFR gene copy was prognostic for poorer survival
(p = 0.0025) and predictive of adifferential survival
benefit from erlotinib (p = 0.005) 77785,

The molecular analysis of the i1seL trial demon-
strated adifferential effect of gefitinib on survival ac-
cording to EGFR gene copy (n = 370: Fisi* HR 0.61
VS. FIsH™ HR 1.16; interaction p = 0.045) and EcFr ex-
pression (n = 379: iHcY HR: 0.77; 1HC™ HR: 1.57;
interaction p = 0.049). Thedatawereinsufficient for a
survival analysisfor patientswith and without EGFR
mutations®3.

Molecular analysesare availablefrom all four tri-
asevaluating the addition of an ecrFr-TkI to platinum-
based chemotherapy. The addition of gefitinib to
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chemotherapy did not significantly improve osin pa-
tientswith (HRr: 2.03; 95% ci: 0.67 to 6.13) or without
(HR: 1.01; 95% ci: 0.79 to 1.29) EGFR amplification
(n =453), or with (Hr: 1.77; 95% ci: 0.5 to 6.2) and
without (HR: 0.91; 95% ci: 0.67 to 1.23) EGFR muta-
tions (n = 312) 86,

Survival analysis from the TriBuTE trial demon-
strated a borderline improvement in TTp for patients
receiving chemotherapy pluserlotinib (7P HrR: 0.59;
95% ci: 0.351t0 0.99), but no differencein osfor pa-
tientswith EGFR amplification (n = 245) 8284, |n pa-
tientswith an EGFR mutation, therewasa so atrend
toward improved TTp (12.5 monthsvs. 6.6 months, p=
0.092), but no differencein os wasdemonstrated (p =
0.96, n = 274) 883, Similar findings were observed
in the TaLenT study. The presence of EGFR muta-
tions did not predict for improved os (p = 0.65 for
placebo vs. p = 0.40 for erlotinib) and prs (p = 0.74
for placebo vs. p=0.18 for erlotinib) irrespective of
treatment 7475,

Information is more consistent that the presence
of KRAS mutationsis associated with worse survival
for patientsreceiving an ecFr-TkI. Resultsfrom Br.21
demonstrated a trend towards worse survival for pa-
tientson erlotinib with KRASmutations (n = 206: KRAS'
HR: 1.67; KRAS Hr: 0.69; p = 0.09) 717785 Similarly,
KRAS mutations predicted poor overall survival in
erlotinib-treated patients on the TaLenT trial 747>, In
addition, data from the TriBuTE trial demonstrated
that the presence of KRAS mutationswas associated
with significantly decreased 11p and survival in pa-
tientsrandomized to erlotinib plus chemotherapy (n=
274: vr: 2.1; 95% ci: 1.1 to 3.8; 4.4 months vs. 13.5
monthsKRAS' vs. 12.1 monthsvs. 11.3 months KRAS,
p = 0.019] 8284,

In contrast, there is no evidence that these mo-
lecular markerspredict adifferential effect on survival
from an ecrr-TkI than from chemotherapy. The mo-
lecular analyses from the INTEREST trial showed no
significant differences in survival between patients
treated with gefitinib or with docetaxel according to
EGFR expression, EGFR gene copy, EGFR mutational
status, or KRAS status 7°.

Consensus Recommendation: Molecular markers
such as EGFR high gene copy or EGFR mutationsand
clinical characteristics such as adenocarcinoma, fe-
mal e sex, never smoking, and Asian ethnicity appear
to be associated with ahigher likelihood of responseto
an ecrr-TkI. The evidenceis currently insufficient to
sel ect patients based on molecular markers predictive
of improved survival with an ecrFr-TkI. Prospective
datawill be needed before further recommendations
can be made.

The evidence is conflicting about the predictive
valueof clinical characteristicsfor survival. However,
the data suggest that the survival benefit of an ecrr-
TKI may be greater among never smokers. Based on
available data, molecular markers and clinical

characteristics should not be used to exclude patients
from receiving ecrFr-TkI therapy.

4. DISCUSSION

The ecrr-TkIS oOf represent a significant advance in
the management of advanced and metastatic nscLc.
Not only do they have activity in nscLc, they also ap-
pear to have an improved toxicity profile as compared
with standard chemotherapy agents such as docetaxel .
Asaresult, they offer an attractive therapeutic option.
Nevertheless, it isimportant that these agents be in-
corporated into routine treatment algorithms based on
appropriate datafrom randomized trials.

It is clear that ecrFr-TKIS should not be used con-
comitantly with standard chemotherapy agentsin the
treatment of nscLc. The strongest evidence support-
ing their use isin patients who have progressed fol-
lowing platinum-based chemotherapy. It isappealing
to think that use of an EcFr-TkI may spare patientsthe
toxicity of morechemotherapy. However, availabledata
support the use of second-line chemotherapy and third-
line ecrFr-TKI or second-line ecFr-TkI and then third-
line chemotherapy. Because both approaches prolong
survival, thegoal of therapy in advanced nscLc should
be to maximize the number of patients who receive
threelinesof therapy, if survival isthe outcome of in-
terest. However, some patientswill choose not to have
second-line chemotherapy, and so the sequence of
therapi es should reflect adiscussion between the phy-
sician and the patient regarding the relative benefits
and side effects of each treatment option.

Multiplereportsin the literature suggest that mo-
lecular markersand clinical characteristics can beused
to select patients who will be more likely to benefit
from an ecrFr-TkI. However, thisliterature comeswith
significant limitations. Theterm “ benefit” createscon-
fusion, because it is used to refer to avariety of out-
comes, including tumour response, improved os, and
improved symptom control and QoL. The molecular
analyses are limited to patients whose tumour sam-
pleswere available. The percentage of patientswhose
samples were available for one or more molecular
analyses ranged from 25% to 44% of the total study
population. Asaresult, some of these comparisonsin-
volve small numbers of patients. In addition, much of
the literature has focused on tumour response rates,
rather than on survival. Although there is some con-
sistency in factors predicting response, these factors
do not correlate directly with variables predicting a
differential benefit in survival. Considerable varia-
tionisfound in the variables reported to be associated
with adifferentia improvement insurviva fromtherapy
with an ecrr-TKkI. This variation may exist in part
because some of the EcFr markers are prognostic and
associated with trends toward better survival (some
EGFR mutations) or worse survival (high EGFR copy
number). Therefore, it isnot possibleto assessthe ef -
fect of ecFr-TKI therapy on survival in the absence of
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ano-treatment control arm. Furthermore, markersthat
seemto predict for adifferential survival benefit when
EGFR-TKI therapy iscompared with placebo or no treat-
ment may not be predictive when ecrFr-TkI therapy is
compared with another form of treatment such as
chemotherapy. As a result, the evidence is currently
insufficient to recommend the routine use of molecu-
lar markersand clinical characteristicsto select patients
for therapy with an ecFr-TkI. It is therefore also pre-
matureto recommend the use of single-agent EcFr-TkIS
asfirst-linetherapy for nscLc, evenin patients sel ected
on basisof molecular and clinical characteristics.

Theseresultshighlight the need for prospectivetri-
alsin which tumour samples are available for all pa-
tients, so asto address correl ative questions. Ongoing
research will also address questions concerning the
sequence of platinum-based chemotherapy or Ecrr-
TkI asfirst-line therapy.

Since the literature search for the present review
was completed, preliminary data from two trials of
maintenance gefitinib or erlotinib in Asian populations
were presented at the American Society of Clinical
Oncology Annual Scientific M eetingin 20088788, Both
trials showed improved prs, but no significant improve-
mentsin os. In addition, initial results of ipass (Iressa
Pan A Sia Study) were presented at the 2008 meeting
of the European Society for Medical Oncology 8°. That
trial compared first-line gefitinib with carbopl atin and
paclitaxel inlight- or never-smoking Asian patients. A
significant improvement was observed in prs, but no
significant difference in os. Other ongoing trials are
evaluating the role of an EcFr-TkI a@s maintenance
therapy in patients responding to first-line platinum-
based chemotherapy.

L astly, chemotherapy experience suggeststhat the
therapeutic ratio can be improved with combination
therapy. Preliminary evidence suggeststhat combina-
tion therapy with an ecFr-TkI and agents active agai nst
vascular endothelial growth factor may have greater
activity. These questions are being addressed in multi-
pleongoing clinical trials. Participation inthesetrials
should be encouraged.
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